Cholesterol mediation of progesterone production and oocyte maturation in cultured amphibian (Rana pipiens) ovarian follicles.
Treatment of isolated amphibian ovarian follicles with frog pituitary homogenate (FPH) increases follicular progesterone levels, which, in turn, initiate oocyte maturation. Recent studies have demonstrated that follicular progesterone production requires concomitant protein synthesis at some stage preceding pregnenolone formation. Experiments were carried out to determine whether cholesterol metabolism plays a role in mediating these biochemical and physiological processes. Aminoglutethimide (AGI, and inhibitor of P450 side-chain cleavage enzyme) inhibited FPH-induced intrafollicular progesterone accumulation and oocyte maturation (or germinal vesicle breakdown, GVBD) in a dose-dependent manner. Follicular progesterone accumulation and GVBD were both stimulated, in the absence of FPH, after addition of 25-OH-cholesterol, but not cholesterol, to the culture medium. Higher levels of progesterone were present in defolliculated oocytes as compared to intact ovarian follicles after incubation with 25-OH-cholesterol. The results indicate that the surface epithelium and theca layer in the follicle wall retard 25-OH-cholesterol access to steroid-producing follicle cells. AGI blocked 25-OH-cholesterol-induced accumulation of progesterone and GVBD in defolliculated oocytes, suggesting that 25-OH-cholesterol does not directly induce GVBD and is metabolized by the follicle cells. The capacity of follicles to accumulate progesterone following preincubation with FPH or 25-OH-cholesterol along with AGI was compared. Intrafollicular levels of progesterone increased after AGI- and 25-OH-cholesterol-treated follicles were washed. In contrast, progesterone levels decreased in follicles pretreated with AGI and FPH after washing. The results indicate that considerable 25-OH-cholesterol, but not endogenous cholesterol (FPH stimulation), remains available for steroidogenesis after removal of AGI. A significant, but incomplete, inhibition of progesterone accumulation occurred when follicles were incubated in the presence of 25-OH-cholesterol and cycloheximide. This partial blockage produced by the protein synthesis inhibitor indicates that some basal protein synthesis is required for progesterone accumulation from exogenous 25-OH-cholesterol. We conclude that intracellular cholesterol stores in the follicle wall are utilized to mediate FPH induction of progesterone accumulation and oocyte maturation in amphibian follicles.